Background
Inflammatory bowel diseases (IBDs) refer to two chronic inflammatory disorders of the gastrointestinal tract: ulcerative colitis (UC) and Crohn's disease (CD). Increasing incidence and prevalence of IBD worldwide have made it a global disease of medical importance. 1 Patients with long-lasting IBD, both UC and CD, have been at increased risk of developing colorectal cancer, and CD patients are at increased risk of small intestine cancer. 2 IBD is a complex multifactorial disease in which immune dysregulation caused by genetic and/or environmental factors plays an important role. [3] [4] [5] [6] [7] It is believed to be
134
Al-Meghaiseeb et al caused by immunogenic responses against environmental factors and/or microbes inhabiting the distal ileum and colon of genetically susceptible hosts. Various epidemiological and population-based studies have indicated that genetic factors contribute to the pathogenesis of IBD. [8] [9] [10] [11] [12] An active inflammatory response is an important feature of IBD. Tumor necrosis factor-alpha (TNF-α) is a key cytokine in the initiation and propagation of IBD. High serum levels of TNF-α together with the increased expression of TNF-α have been documented in intestinal tissues and peripheral phagocytes of patients with IBD. [13] [14] [15] It has also been shown that monoclonal antibodies against TNF-α are effective for decreasing inflammation in IBD. 16 The genetic variation in TNF-a gene at position -308 results in two allelic forms in which the presence of guanine (G) defines the common variant and the presence of adenine (A) defines the less common one. TNF-α (-308) A allele displays increased gene transcription as compared to the common allele G. It has been shown to produce 6-to 7-fold higher levels of TNF-α transcription. 17, 18 A polymorphism at position +252 within the first intron of the TNF-b gene, consists of a guanine (TNF-β +252 G) on one allele and an adenine (TNF-β+252A) on the alternate allele. The presence of G at this position defines the mutant allele known as TNF-β*1 (allele-1), which is less frequent allele and is associated with higher TNF-α and TNF-β production. 19, 20 Alterations in TNF expression related to polymorphic alleles of the TNF genes have been implicated in the pathogenic role of this cytokine in several chronic inflammatory and autoimmune diseases including IBD 21 and have therefore been considered an important target for interfering with the inflammatory responses.
Genetic associations have been reported between promoter polymorphisms of TNF-a and IBD. [22] [23] [24] However, these associations are inconsistent and not universally replicated. 25 These differences have been attributed to genetic variations of the different populations or systemic differences in the ancestry of cases and controls. 15 Intriguingly, the characteristics of Western and Asian IBD patients differ in epidemiology, phenotype, and genetic susceptibility. 8, 26 Evaluating these unique features in different ethnic populations may provide substantial clues for identifying the pathophysiology and understanding the etiology of IBD. Saudi population being a closed and isolated society with high rate of consanguinity (inbreeding) is ideal for such genetic association studies. In this study, we determined the association of variants of TNF-α (-308G/A) and TNF-β (+252A/G) polymorphisms with the susceptibility risk to IBD in Saudi population.
Methods Subjects
A total of 379 Saudi subjects including 179 IBD patients visiting Gastroenterology Clinic and 200 age-and sex-matched healthy controls visiting Community Health Clinic of Prince Sultan Military Medical City, Riyadh, were recruited for this study. Blood samples were obtained from all the subjects. Of the patients with IBD, 20 had the familial form and 159 had sporadic form of the disease. These were classified into 95 patients with CD (57 men and 38 women), with a mean age of 32 years (range, 17-65 years), and 84 patients with UC (34 men and 50 women), with a mean age of 34 years (range, 22-68 years). A total of 200 healthy individuals (120 men and 80 women) matched for age (mean age 30 years [range, 20-65 years]) and ethnicity (Saudis) were included as controls. None of the healthy controls had any evidence of IBD, diabetes, rheumatoid arthritis, systemic lupus erythematosus, psoriasis, or other autoimmune/inflammatory diseases. All subjects were unrelated Saudis. The diagnoses of CD and UC were determined according to conventional endoscopic, radiological, and histological criteria. 27 Data obtained from each patient included age at diagnosis, disease location, disease characteristics, and extraintestinal location, which were used to group the patients. Patients with clinical features of both CD and UC (and therefore classified as "indeterminate colitis") were excluded from this study. IBD patients with any other autoimmune/inflammatory disease were also excluded from the study. Written informed consent was obtained from all patients and controls to participate in this study, which was approved by the Ethical Committee of Prince Sultan Military Medical City, Riyadh.
Polymerase chain reaction amplification
Genomic DNA were extracted from the blood of IBD patients and controls using a QIA amp® DNA Mini Kit (Qiagen, Valencia, CA, USA). TNF-a and TNF-b genes were amplified using an amplification refractory mutation systems polymerase chain reaction (PCR) methodology (described elsewhere 28 ) to detect polymorphisms at position -308 and intron 1 +252 of the TNF-a and TNF-b genes, respectively. PCR amplification was carried out in PuReTaq Ready-to-Go PCR Beads (GE Healthcare UK Ltd, Little Chalfont, UK). The reaction conditions consisted of ten temperature cycles of denaturation for 15 seconds at 94°C, annealing for 50 seconds at 65°C, and extension for 40 seconds at 72°C. Then, 25 cycles of denaturation for 20 seconds at 94°C, annealing for 50 seconds at 59°C, and extension for 50 seconds at 72°C were performed. A final extension was performed at 72°C for 7
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TNF-a and -b gene polymorphism in IBD minutes. A positive control was included in the PCR assay via amplification of the human growth hormone gene. For quality control, 25% of the random blind samples were repeated for genotyping and a negative control was also used in the PCR. The frequencies of alleles and genotypes were calculated in patient and control groups. Hardy-Weinberg equilibrium was determined using Hardy-Weinberg equilibrium calculator for two alleles (http//www.had2know.com/academics/hardyweinberg-equilibrium calculator-alleles.html).
Statistical analysis
Frequencies of various alleles and genotypes for each polymorphism were compared between patients and controls and analyzed by Fisher's exact test using the CalcFisher software (http://www.jstatsoft.org/v08/i21/paper), and P-values≤0.05 were considered as significant. The strength of the association of disease with respect to a particular allele/genotype is expressed by odds ratio interpreted as relative risk (RR) according to the method of Woolf as outlined by Schallreuter et al. 29 The RR was calculated only for those alleles and genotypes that were increased or decreased in IBD patients as compared to healthy controls. RR was calculated using the following formula:
where a is the number of patients expressing the allele or genotype; b the number of patients without allele or genotype expression; c the number of controls expressing the allele or genotype; and d the number of controls without allele or genotype expression. The etiologic fraction (EF) indicates the hypothetical genetic component of the disease. EF values of >0.00-0.99 are significant. It is calculated for positive associations (RR >1) using the following formula proposed by Svejgaard et al:
, where RR
Preventive fraction (PF) indicates the hypothetical protective effect of one allele/genotype for a disease. It is calculated for negative associations (RR <1) using the following formula:
, where RR 1
Values of <1.0 indicate the protective effect of an allele/ genotype against the manifestation of disease.
Results
The demographic and characteristic features of IBD (CD and UC) patients are summarized in Table 1 . The pathological assessment of IBD was based on two types of lesions, combined with each other in various ways, represented by architectural abnormalities (that include crypt branching/ shortening, decreased crypt density, and irregular mucosal surface) and inflammatory features (transmucosal increase of lamina propria mononuclear cells and the presence of epithelioid granulomas). The extent of disease for UC and CD patients and its frequency is listed in Tables 2 and 3 .
The results of the genotypes and alleles distribution of TNF-α (-308G/A) and TNF-β (+252A/G) polymorphisms in IBD and controls are summarized in Tables 4-9 . The representative gel pictures for amplification of TNF-a and TNF-b Figures 1 and 2 . The frequencies of alleles and genotypes of both TNF-α (-308G/A) and TNF-β (+252A/G) polymorphisms differ between IBD patients and control subjects. The allele frequencies of both patients and controls were in Hardy-Weinberg equilibrium. The frequency of GA (-308) genotype was significantly higher, while the frequencies of GG (-308) and AA (-308) genotypes were lower in IBD patients as compared to controls. Allele A (TNF-α 2-allele) of TNF-α (-308G/A) polymorphism was found to be significantly more in IBD patients, while allele G (TNF-α 1-allele) was found to be more in the control group (Table 4) . Allele A and genotype GA were associated with susceptibility risk to the IBD (P<0.001, 95% confidence interval =1.66-4.45), while allele G and genotype GG might be protective against IBD (P<0.001) in Saudi patients. On stratification of our results for IBD patients into UC and CD, an almost similar pattern was noticed in both the groups, and the difference in distribution of GG and GA genotypes of TNF-α (-308G/A) polymorphism was significant for both UC and CD as compared to controls (Table 5) . Allele A and genotype GA were associated with susceptibility to the UC and CD (Ps<0.01), while allele G and genotype GG were protective (Ps<0.01) in Saudi patients with UC and CD.
On the other hand, studies on TNF-b gene polymorphism showed that the frequency of GG at position +252 of intron 1 was significantly higher in IBD as compared to controls, 
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TNF-a and -b gene polymorphism in IBD while the difference in the frequencies of GA and AA genotype between patients and controls was not statistically significant ( Table 6 ). The difference in the distribution of allele-A and allele G was also not statistically significant in IBD and control groups (P=0.24, 95% confidence interval =0.631-1.11).
On stratification of TNF-β gene polymorphism results for UC and CD; significant difference was noticed in the distribution of genotypes GG and GA in UC, while no difference was observed in CD when compared with controls. These results indicated that the genotype GG was associated with susceptibility only for UC but not for CD as an almost similar distribution of genotypes and allele frequencies of TNF-β -intron1 +252 polymorphism was found among the CD and controls ( Table 7) . The frequency distribution of alleles and genotypes of both TNF-α and-β polymorphisms is not affected by sex or type of IBD (familial or sporadic; Tables 8 and 9 ). However, results should be interpreted with caution as the number of patients with familial form of IBD is very small (20) as compared to those with the sporadic form (159) of the disease.
Discussion
TNF-α is a key cytokine in the inflammatory response of IBD and appears to be important in the digestive and systemic manifestations of the disease. Research on the polymorphism at position -308 in the promoter region of the TNF-a gene has demonstrated its importance with regard to the clinical presentation of CD and UC. [23] [24] [25] Our results indicated that GA genotype and allele A of TNF-α (-308G/A) polymorphism is associated with susceptibility risk to IBD. Similar results have been reported earlier from various other populations. The polymorphism of TNF-α (-308 G/A) modifies the susceptibility to UC and CD in Europeans and Asians. Earlier, allele A of TNF-α (-308G/A) was demonstrated to be associated with susceptibility to UC in Japanese and Han Chinese patients. 22, 31, 32 The AA genotype increases the risk of UC and CD significantly in European patients, while the GA genotype increases the risk of UC in Asians. 23 Another systemic review and meta-analysis also indicated an association of TNF-α (308G/A) polymorphism with IBD in Asians and suggested that genetic mutations of IBD in Asians differ from Caucasians. 24 Various reports suggested a significant association of TNF-α (-308G/A) polymorphism with IBD severity. TNF-α (-308G/A) polymorphism is significantly involved in the severity to CD and/or UC in Irish, 33 Czech, 34 Italian, 35 and Caucasian patients from New Zealand 36 and in Brazilian patients. 25 It has also been suggested that the TNF-α (-308G/A) polymorphism may either be directly involved in pathophysiology of IBD or serve merely as markers in linkage disequilibrium with susceptibility genes in Irish patients. 33 Individuals carrying the allele-A of TNF-α (-308G/A) polymorphism have a significantly greater risk of pancolitis and are also more likely to require bowel resection in UC and CD. 34, 35 Patients with CD carrying A allele were more frequently resistant to steroids compared with noncarriers, and both UC and CD patients carrying the A allele show a significant increase in CRP level, which plays a role in modifying the IBD phenotype, influencing disease activity, leading to a more intense inflammatory activity. 35 The A-containing genotypes of TNF-α (-308G/A) have also been associated with degree of inflammation, with increased levels of C-reactive protein, TNF-α, and interleukin 1β in the active phase of IBD. [37] [38] [39] [40] Kim et al 41 also reported higher frequency of -308A allele of TNF-α in antineutrophil cytoplasmic antibodies-positive IBD patients than antineutrophil cytoplasmic antibodies-negative IBD patients and suggested that the TNF-α (-308G/A) polymorphisms may have influences on the susceptibility to CD or the behavior 
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Al-Meghaiseeb et al of CD. On the other hand, Ferreira et al 42 reported that AA genotype of TNF-α (-308) is associated with susceptibility to CD in Portuguese patients and suggested that TNF-α (-308G/A) polymorphism is responsible for displaying distinct clinicopathological profiles.
TNF-α (-308) A allele increases gene transcription as compared to the common allele G and produces a six-to sevenfold higher level of TNF-α transcription. 17, 18 Elevated TNF-α may play a pivotal role in the pathogenesis of the inflammatory response by interacting with TNF receptor and cause apoptosis, cell proliferation, and differentiation. 43 Moreover, TNF-α overproduction has been implicated in a variety of symptoms associated with autoimmune disorders, including IBD, and especially CD. 21 Inflammation, anorexia, and weight loss are also all associated with increased levels of circulating TNF-α. 44 In contrast, some reports indicated lower frequency of A allele of TNF-α (-308G/A) in CD or UC in North European Caucasian and Korean patients as compared to healthy controls. 45, 46 Recently, Bonyadi et al 47 reported that the frequency of allele G was slightly higher in Iranian Azari Turkish IBD patients, but this did not reach statistical significance. Furthermore, there are reports indicating a lack of association of TNF-α (-308G/A) polymorphism with susceptibility to IBD in Australian, 48 Brazilian, 25, 49 Canadian, 50 Chinese, 32, 51 Czech, 52 French, 53 Indian, 54 Korean, 5 Newfoundland, 15 Spanish, 55 and Turkish 56 populations. These differences in associations of TNF-α (-308G/A) polymorphism with IBD might be due to variations in sample size, genotyping methods, and/or ethnicity, as frequencies of TNF (-308) alleles and genotypes also vary in different ethnic healthy populations worldwide. 28 Our results also indicated that GG genotype at position +252 of intron 1 of TNF-β was significantly associated with IBD, while the frequency of GA genotype was slightly lower in IBD patients than the controls, but this difference did not reach statistical significance. However, upon stratification of the patients into UC and CD, it was noticed that the TNF-β (+252A/G) polymorphism was significantly associated with UC but not with the CD in the Saudi population (Table  7) . Contrary to our findings, no correlation was reported between TNF-β (+252) polymorphism and CD or UC in Chinese, French, Korean, and Spanish patients. 5, 22, 32, 53, 57 It is possible that the TNF-β (+252A/G) polymorphism maybe indirectly associated with IBD as it has been suggested that allele G influences the expression/production of TNF-α. 19 Muro et al 58 suggested that TNF-α and -β play an important role in inflammatory response, and IBD is commonly treated with TNF-α inhibitors. Additionally, as polymorphisms of TNF-α gene affect the gene expression level, particular TNF-α genotypes may influence the response of IBD patients treated with TNF-α inhibitors. The promoter allele A of TNF-α (-308G/A) and allele G of TNF-β (+252A/G) have been shown to be associated with greater TNF-α transcription. 17, 19, 59, 60 This study suggested a significant association between allele frequency and genotype distribution of TNF-α (-308G/A) and TNF-β (+252A/G) polymorphisms and IBD susceptibility risk in Saudi population. However, there was no correlation between TNF-α and TNF-β polymorphisms and sex or type of IBD in our population. These results are in accordance with the earlier reports from Chinese population, indicating that the polymorphisms of the TNF-α -308 and TNF-β+252 do not correlate with age, sex, disease activity, or lesion site. 22, 32 This is the first report from a Saudi population showing the association of TNF-α and TNF-β polymorphisms in the etiology of UC and CD. These results together with other published reports supported an important role of ethnicity in the association of TNF-α and TNF-β polymorphism and IBD. It can also be concluded that TNF-α (-308G/A) and TNF-β (+252A/G) polymorphisms may work together in the pathogenesis of IBD in Saudi population. The results of this study may have prognostic value for future clinical observations of Saudi IBD patients, and TNF-α (-308G/A) polymorphism may help in determining the response to anti-TNF-α therapy as patients with different genotype respond differently to anti-TNF-α treatment. 61, 62 However, further studies are required involving other ethnic populations to confirm association of these polymorphisms with susceptibility of IBD.
